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Abstract: Permanent magnet synchronous motors in electric
vehicles are gaining more and more attention because of its high
performance and high torque to inertia and high power density.
PMSM Motor should operate in four quadrant operation at
different driving characteristics the torque speed characteristics
of the motor is observed. Battery and super capacitor is used for
energy sources to the permanent magnet synchronous motor the
design of eectric vehicle is onboard charging system. Battery
and supercapacitor are hybrid energy sources. PMSM moator is
controlled by using field oriented control technique. Voltage
source inverter is used to control the speed of the PMSMS motor
at different frequencies. The control technique used for VS| is
space vector control technique. Using MATLAB/Simulink.
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I INTRODUCTION

permanent magnet synchronous motor is same as the
conventional synchronous motor only the difference is it
consists of permanent magnetic the rotor so the field
winding is absent in PMSM motor. PMSM is gaining of
permanent magnet the losses in the motor are negligible.
The controlling of PMSM is easy compared to the other
motors. PMSM for electric vehicle application to drive the
vehicle at different driving characteristics during motoring
mode the torque and speed are positive and during
regenerative braking positive speed and negative torque in
this mode the load act as a source to the vehicle.

Permanent magnet synchronous motor is used in electric
vehicle because of its characterigtics.
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Battery and super capacitor act as anenergy supplying
devices to the permanent magnet synchronous motor during
acceleration the energyfrom the battery is supplied to the
motor to run the vehicle when deceleration the
supercapacitor and battery together will supply the energy
to the motor. The voltage source inverter is used to
controller the speed of the motor at different driving
characteristics.

B. Field oriented controller:

In ac motor the decoupling of stator and rotor is so what
difficult. By using field oriented control, we can create the
decoupling between torque and flux at constant current.
The permanent magnet synchronous motor is controlled by
using vector controller. In this controller we use different
transformation for controlling. They are:

1.clark’s transformation

2.park’s transformation

3.inverse park’s transformation

4.inverse Clark’s transformation

C. Clark’s transfor mation:

In this transformation abc is converted into af three phase
rotating into two phase stationary.
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Park’s transformation: In this transformation af is
converted into dgstationary to rotating
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D. Inversepark transformation:
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E. Inverse Clark’s transformation:

In inverse Clark transform rotating two phase into three
phase stationary.
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. CONTROL TECHNIQUE

A. Space vector pulse width modulation control
technique of voltage source inverter:

e For controlling the voltage source inverter, we can
implement sinusoidal pulse width modulation or space
vector modulation using SPWM technique the speed
and torque characteristics observed.

Published By:
Blue Eyes Intelligence Engineering
and Sciences Publication

Exploring Innovation


https://www.openaccess.nl/en/open-publications
https://www.openaccess.nl/en/open-publications
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://crossmark.crossref.org/dialog/?doi=10.35940/ijitee.K7852.0991120&domain=www.ijitee.org

Mathematical Analysisand Simulation of Permanent Magnet Synchronous Motor for Electric Vehicle
Application

The space vector is used as control technique for
voltage source inverter at different angles the voltage
source inverter is used for the motor to control at
different loads.

Voltage source inverter is used to control the speed of
motor at different characteristics.

By switching pluses at different modes.

Voltage Source Inverters (VSI) have proven to be more
efficient, cost effective, less space, faster dynamic
response for rapid changes in speed or torque and be
capable of running the motor without de-rating.

Voltage source inverter operates as a rectifier during
the braking mode and the rectified voltage boosted to
charge the battery. Charging the phases depends on the
switching sequence of inverter.

B. Voltage sourceinverter:
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C. Space vector pulse width modulation technique:
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D. Voltage equations:
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Switching states of Sector-1:
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Voltage wave form of phase and line voltages:
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1. SIMULATION DIAGRAMS

A. Battery outputs of charging and discharging
mode:

R ——

Charging mode

?

\

Discharging mode
B. Output of four quadrants of PMSM mode:
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C. Specification of the PM SM motor:

*  Dc supply voltage:48valts

*  Frequency :50Hz

Number of poles:4

Inertial (j) :0.0027kgm2
Damping fraction:0.0004924NmV/(rad/s)
Flux linkage:0.175wb

Stator resistances.0.2o0hms
Inductances along d-axis :8.5e-3
*  Inductances aong g-axis.8.5e-3
*  Nomina voltage:24

*  Rated capacity:50(Ah)

* Rated capacitance:166.67

* Rated voltage:48

*  Number of series capacitors:18
*  Number of parallel capacitor:1

V. CONCLUSION

Permanent magnet synchronous motor is gaining more and
more attention due to its high efficiency and torque inertia
ratio. PMSM motor is replacing dc machines and induction
motor because of its different characteristics. In electric
vehicle PMSM isused in front wheel and induction motor is
used in rear wheel. The permanent magnet synchronous
motor is controlled by field oriented control technique using
space vector control technique. PMSM motor is driven at
different characteristics. In first quadrant operation both
torque and speed are positive, in second quadrant operation
torque is negative and speed is positive, in third quadrant
operation both torque and speed are negative and in four
quadrant operation, torgue is positive and speed is negative.
In electric vehicle the motor should operate in different
characteristics.

FUTURE SCOPE

Electric vehicle is the one which does not affect
environment it is zero emission compare to internal
combustion engines the EV is useful and many advantages
are present in ev and it good for humans also. The motor
should operate at different mode without failure of the
energy supply to the vehicle should be supplied by both
hybrid energy storage systems the four-quadrant operation
of motor. Electric vehicle should be advantage to the
environment and effect of dangerous gases into nature is
reduced and the upcoming future generation is saved and
the usage of fuel consumption is reduced and cost of the
fuel also decreases. In future, the development of electric
vehicle is to develop the battery with easily replacement if
any failure occur and the cost of super capacitor should also
be reduced and the capacity of the energy capability should
increase the motor should also be capable to run efficiently
at any condition. So the upcoming future should have the
bright future to use electric vehicle

REFERENCES

1. Pillay P. and Krishnan R., "Modelling of Permanent Magnet Motor
Drives," IEEE Transactions on Industrial Electronics, vol.35, no.4
1988): pp.537-541.

Published By:
Blue Eyes Intelligence Engineering

Exploring Innovation


https://www.openaccess.nl/en/open-publications

Mathematical Analysisand Simulation of Permanent Magnet Synchronous Motor for Electric Vehicle
Application

2. Remitha K Madhul and Anna Mathew2 Matlab/simulink of “field
oriented control of PMSM drive using space vector.” International
Journal of Advancesin Engineering & Technology, July 2013.

3. P.P. Acarnley and J.F. Watson, “Review of position-sensorless
operation of brushless permanent-magnet machines.” IEEE Trans.
Ind.Electron., vol. 53, no., pp. 352-362, Apr 2006.

4. Pradeep Kumar, Deepak Lakra ,Ruchi Makin “modelling and
analysis of PMSM drive using space vector technique.” International
Journal of Engineering Trends and Technology (IJETT) — Volume 39
Number 4- September 2016

5. Puspendu Majil, Prof. G KPanda, “field oriented control of PMSM
using PID controller”. International Journal of Advanced Research in
Electrical, Electronics and Instrumentation Engineering (An 1SO
3297: 2007 Certified Organization) Vol. 4, Issue 2, February 2015.

6. R.Krishan “ permanent magnet synchronous and brushless dc motor
drive” electrical and computer engineering department virginia tech
blacsburg , virginia, U.SA

7.  ZHANG Kangkang, LI Jiangiu, OUYANG Minggao, GU Jing, MA
Yan, “Electric Braking Performance Analysis of PMSM for Electric
Vehicle Applications”. International Conference on Electronic &
Mechanical Engineering and Information Technology-2011

1. 8.R.Shanthi,Dr.S.Kalayani,R.Thangasankaran, “Performance analysis
of speed control of permanent magnet synchronous motor drive with
sinusoidal pwm and space vector pwm fed voltage source inverter.”
International conference on innovation in green energy and
healthcare technologies (ICIGHET) |EEE-2017.

8. Dharmendra makwana, karmani Rajput, “simulation of permanent
magnet synchronous motor with sensor less field oriented control and
harmonic  analysis” international conference on  energy,
communication, data analytics and soft computing (ICECDS-2017)

9.  Puspendumaji , professor G.K panda , professor P.K saha , “Field
oriented control of permanent magnet synchronous motor using PID
controller” international journal of advanced research in electrical
electronics and instrumentation engineering . vol-4 , issue 2
February 2015

AUTHORSPROFILE

K.Navyasree received B.tech in electrical and electronics
engineering from university college of engineering
Kakatiya university, kothagudem, pursing M.tech in
power electronics and electrical drives from G.
Narayanamma institute of technology and science ,
Hyderabad.

Dr. N.Malla Reddy obtained B.tech in 1999 from sri
venkateswara university, triupathi in electrica and
electronics Engineering, M.tech from JNTU, Hyderabad
and PhD from JNTU Hyderabad. He has a rich teaching

\ . experience of 18 years. He had published 7 papers in
international  journalg/national journals. He has been awarded as
‘Academic excellence award’ in 2008 in GNITS.

Retrieval Number: 100.1/ijitee.K78520991120 Published By:
DOI: 10.35940/ijitee.K7852.0991120 Blue Eyes Intelligence Engineering
Journal Website: www.ijitee.org 382 and Sciences Publication Exploring Innovation



